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Abstract
Zooarchaeology, the study of animal remains from archaeological sites, is crucial
to the understanding of human interaction with the environment in the North Atlantic
region and in Iceland, where the archaeological record is quite rich (Dugmore et al.,
2005). Since its inception, zooarchaeology has drawn methods and concepts from both
the natural and social sciences, as well as from history and the humanities, to inform an
interdisciplinary understanding of the interactions between humans and their
environments and the consequences of these interactions for humans and animals (Reitz
and Wing, 2008). In this way, zooarchaeology can inform discussions about historical
anthropogenic relationships to animals and the environment, and these relationships can
be used to develop adaptation and mitigation strategies in this time of rapid
environmental change (McGovern et al., 2007). An integrated adaptation approach
requires knowledge of contextual history and cultural environmental landscape that only
archaeology, and particularly zooarchaeology, can provide (McGovern et al., 2007). This
study investigated the relationship between zooarchaeology and climate science through a
literature review and work on the osteological reference collection at the Agricultural
University of Iceland. The information provided here serves as an introduction to basic
zooarchaeological methods, as well as to the importance of comparative osteological
reference collections and to the significant role zooarchaeology plays in environmental
reconstruction across the North Atlantic.
Research Question
How can zooarchaeology inform our understanding of both past and present
human relationships to the North Atlantic environment in the context of global climate
change, and what role do reference collections play in the zooarchaeological
understanding of historical human relationships to animals in this region?
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1.0 – Introduction
“The argument that human beings can exist and act independently of their environments
is a fallacy deeply rooted in Western culture.”
-Dena F. Dincauze
Archaeological research in the North Atlantic region is characterized by an
intersection of archaeology and paleoclimatology around the historical ecology
movement (McGovern, Vesteinsson, Fridriksson, Church, Lawson, Simpson, Einarsson,
Dugmore, Cook, Perdikaris, Edwards, Thomson, Adderley, Newton, Lucas, Edvardsson,
Aldred, and Dunbar, 2007). The theories of this movement are being used to connect the
long-term record of human-environment interaction with present issues of rapid climate
change and human responses, with the aim of integrating archaeology and environmental
history in to global climate research and combining interdisciplinary environmental
archaeology with concern for contextual history and cultural landscape (McGovern et al.,
2007). Organisms and their environments are inextricably interrelated, which means that
past conditions will continue to shape the present and the future of these relationships
(Dincauze, 2000). Emerging from these studies is the holistic view that the relationship
between cultural systems, human populations, and their environments is complex and
interactive (Reitz and Wing, 2008). As a part of the historical ecology movement and as a
result of this interrelationship, zooarchaeology is becoming increasingly important.
It is becoming increasingly apparent that humans are the dominant forcers of
change in environments that they occupy. Consequently, their environments reflect,
amplify, and/or dampen change, and this causes the need for adaptation in human
populations and in animal populations (Dincauze, 2000). Ecology has repeatedly shown
that static assumptions about the nature of environments are maladaptive, due to this
constant change (Dincauze, 2000). In Quaternary time, the dominant mode of successful
adaptation among many species has been range adjustment (Dincauze, 2000). The
Human Mode of Adaption (HMA, a term used by Dincauze in her book titled
Environmental Archaeology: principles and practice to describe how humans respond to
and simultaneously enact environmental change) has become a major source of
environmental perturbation in this century, yet archaeology shows that the effects of
HMA are as old as the genus Homo (Dincauze, 2000).
The false dichotomization of nature and culture exemplified in the quote at the
beginning of this paper is embraced and perpetuated by modern development economics,
and supported by religion and technological ideologies (Dincauze, 2000). Considering the
modern context of rapid environmental change, it is far more productive to shift the
research orientation of archaeology towards a focus on human impacts on environments
at the local scale rather than continue to focus on the impact of the environment on
human populations; it is imperative to realize that humans and the environment
(including animals) are locked in interactive trajectories of change (Dincauze, 2000).
With the advent of the total recovery concept (the goal of obtaining as much data from an
excavation site as possible) this shift was realized and archaeologists became concerned
with the relationship that exists between culture and environment (Gilbert, 1990). Thus,
analysis of faunal remains became increasingly important (Gilbert, 1990).
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Zooarchaeology (the analysis of animal remains from archaeological sites) is an
important player in the advancement of this paradigm shift. The relationship between
humans and animals is one that persists throughout all our evolutionary history, and
therefore zooarchaeology is a science that transcends all temporal, geographic, and
cultural boundaries and can be used to address questions spanning the breadth of
archaeology (Steele, 2015). In archaeological contexts, faunal remains provide
information for inferences about the environments (climates and habitats) of animals and
those aspects of the human environments that animals both affect and reflect (Dincauze,
2000). Animals are much more than resources for humans, they are major environmental
factors; people and animals mutually use and are used, share living space, and inevitably
define conditions of life for each other (Dincauze, 2000). Data from faunal remains can
also be a helpful proxy for climate change when scales are small enough to provide
appropriate resolution; however, larger, longer-lived, more mobile animals are less
specific as environmental proxies (Dincauze, 2000).
Any explanation of cultural behavior obtained from analysis of an archaeological
assemblage requires detailed information about environmental conditions during and
after that behavior; therefore, it is imperative to know about the mechanisms linking
environmental and cultural variables (Dincauze, 2000). Zooarchaeological analyses can
help establish these links, answering questions from forager ecology to the process of
domestication to how animals function in the social realm, all providing insight into the
patterns of past human lifestyles (Steele, 2015). Assemblages of animal bones have the
potential to inform archaeological interpretations and patterns of chronological change on
scales ranging from individual events to site-wide, local, regional, and even international
questions; however, animal bones must be sampled and analyzed while keeping in mind
the impact of recovery and recording on their utility as evidence of past environments and
behaviors (Baker and Worley, 2014).
Humans are the dominant species in the modern biosphere; we have placed an
unprecedented burden on the biosphere and the climate system as a whole, and on
ourselves (Dincauze, 2000). The archaeological record encodes hundreds of situations in
which societies developed sustainable long-term relationships with their environments,
yet unfortunately these records are vastly outnumbered by those of societies which were
only able to manage short-lived and mutually destructive relationships (Erlandsson,
2008). The thousands of wrecks left by those societies which did not learn to cope with
their environments in a sustainable manner show that often a sustainable path was found
and then lost as the society evolved, a process which often lead to self-destruction
(Erlandsson, 2008). A better understanding of the context of daily lives lived in the past
can therefore lead to a better understanding of the challenges faced, the choices made,
and the changes engendered by human thought and action for the present and future
(Dincauze, 2000). In this way, knowledge of past lifeways and foodways can help
illuminate which aspects of our contemporary lives are dysfunctional (Dincauze, 2000).
As Dena F. Dincauze so pointedly writes in Environmental Archaeology: principles and
practice: “without detailed knowledge of past environments we cannot aspire to any deep
understanding of human behavior. ”
The islands of the North Atlantic (the Faroe Islands, Iceland, and Greenland)
provide opportunities to examine anthropogenic impacts to ‘pristine’ landscapes ranging
from warmer more maritime conditions in the east to colder, more continental conditions
3

in the west, namely Greenland (Dugmore, Church, Buckland, Edwards, Lawson,
McGovern, Panagiotakopulu, Simpson, Skidmore, and Sveinbjarnardottir, 2005).
Environmental sensitivity to human impact and in particular the impact of introduced
domestic mammals in the North Atlantic region was historically exacerbated by a lack of
endemic species, limited diversity, and the previous lack of grazing mammals in the
Faroes or Iceland (Dugmore et al., 2005). Gathering zooarchaeological data is a crucial
step in understanding human interaction with the environment in this region, and is
relevant not only to an understanding of the past but to plans for the future (Dugmore et
al., 2005).
Iceland in particular was one of the last places on Earth to be settled, with humans
arriving in the late Iron Age, around 870 AD (Brewington, Hicks, Edwald, Einarsson,
Anamthawat-Jonsson, Cook, Ascough, Sayle, Arge, Church, Bond, Dockrill, Friðriksson,
Hambrecht, Juliusson, Hreinsson, Hartman, Smiarowski, Harrison, and McGovern,
2015). The archaeological record in Iceland is quite rich, and many studies have been
done on the anthropogenic effect to the ecosystems and environments of Iceland and
other North Atlantic islands. Older accounts have presented the colonization story as one
of deforestation and soil erosion (Brewington et al., 2015). However, research in the
fields of paleoenvironmental science, zooarchaeology, environmental history,
environmental humanities, and bioscience is coming together to provide a more complex
understanding of the long-term human ecodynamics of the North Atlantic region
(Brewington et al., 2015).
1.1 – Objectives
This project focuses on the intersection of zooarchaeology with climate science,
and the implications that the field of zooarchaeology has for future climate research, in
pursuit of a synthesis of information exploring an answer to the question: How can
zooarchaeology inform our understanding of both past and present human relationships to
the North Atlantic environment in the context of global climate change, and what role do
reference collections play in the zooarchaeological understanding of historical human
relationships to animals in this region?
Work was conducted on the Agricultural University of Iceland reference
collection under the supervision of Albína Hulda Pálsdóttir, Zooarchaeologist MA,
Faculty of Agricultural and Environmental Sciences, Agricultural University of Iceland.
The goal of the project is to establish an understanding of the importance inherent in
building up and maintaining research infrastructure, (such as a reference collection) to
provide an overview of techniques used in basic zooarchaeological analysis, and to the
role that zooarchaeology must play in the complicated and interdisciplinary field of
paleoclimate reconstruction.
1.2 – Justification
The intersection between archaeology and climate science has always been of
interest to me. I firmly believe that by studying the historical record of anthropogenic
interaction with climate and environment through an integrated approach of archaeology,
paleoclimatology, zooarchaeology and a host of other disciplines, we can learn how past
societies reacted to climate change (whether anthropogenic or natural) and use this
knowledge of history to inform modern adaptation and mitigation decisions. Learning
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what has been done in the past—what worked, and what didn’t—is an important but, I
believe, often overlooked step in determining how modern societies should approach
policy for the future. While this study may not have any direct implications for the future
of climate science and policy, it serves as a good introduction to the fundamental
processes and methods that zooarchaeologists use and to how those processes and
methods can inform studies of past climates, and provides important and relevant
experience that will inform my future studies.
2.0 – Methods
Under the direction of Albína Hulda Pálsdóttir, zooarchaeologist MA, Faculty of
Agricultural and Environmental Sciences at the Agricultural University of Iceland, work
was done on the zooarchaeological reference collection at the university campus on the
edge of Reykjavík, in Keldnaholt. This work mainly consisted of cleaning, labeling and
cataloguing skeletons that had been previously prepared using zooarchaeological
methods (described later). Labeling of cleaned bones, which were later integrated in to
the osteological reference collection, was done by painting a small swath of each bone
with nail polish and then recording their specimen numbers (numbers used to keep track
of each specimen in the collection database) on these painted sections in permanent
marker after the polish had dried. It is good practice to label in areas that avoid diagnostic
bone features that could assist later on in taxonomic, element or age determination (Baker
and Worley, 2014). Small specimens where the label risks obscuring a large amount of
the surface area should not be labeled, and the same is true for fragile specimens (Baker
and Worley, 2014). A close-up view of a labeled sheep (Ovis aries) scapula, to show the
method previously described, can be seen in Figure 1.

Figure 1: Labeled sheep scapula, with specimen number written on a swath of dried nail
polish. Bones are labeled in areas that are smooth and flat, and placed so that they don’t
obstruct any diagnostic features.
An extensive literature review was conducted in which the relevance of
zooarchaeology to North Atlantic archaeological studies and the importance of research
infrastructure in zooarchaeological work were investigated in the context of climate
science. The collection of books housed at the Agricultural University proved extremely
helpful in this process. The function and importance of reference collections to the study
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of interactions between humans, climate, and environment in the historical record was
investigated. Throughout the process of the literature review, work was done cleaning a
selection of skeletons for incorporation into the reference collection at the Agricultural
University. Additionally, an eider duck (Somateria mollissima) carcass was processed for
water maceration, the methods of which will be explained later. These methods served to
illustrate the complete process (the transformation from carcass to clean and labeled
bones) required to transform a sample specimen in to a functioning skeleton in the
reference collection.
2.1 – Ethics
There are many approaches to preparing a reference collection, each with its own
advantages and disadvantages (Tomkins, Rosendahl, and Ulm, 2013). It is important to
be aware of all domestic and foreign rules and regulations governing the collection of
specimens, the transfer of ownership of specimens between institutions and scientists,
and the movement of specimens and collections across political boundaries (Wing and
Zeder, 1991). It is often the case that valid excavation and/or collection permits, issued
by an official body responsible for the protection of historical and archaeological
heritage, are needed to proceed before investigations can begin, and it is important to be
aware of these regulations also when curating osteological collections (Wing and Zeder,
1991). General ethical principles of scholarship and research with regards to
archaeozoological materials and reference materials must always be known for the
country in which the excavation and/or research is taking place and for the country where
the materials will be permanently housed upon completion of the excavation or research
(Reitz, 2009). In short, there are many rules regarding collection, exportation, possession,
and importation of archaeological specimens and reference collections, and it is
imperative that these be known and adhered to throughout the entirety of the process;
from collection of specimens through to publication of the final faunal analysis (Wing
and Zeder, 1991).
2.2 – Defleshing
At the Agricultural University, carcasses are stored in a walk-in freezer in plastic
bags and boxes (which can be seen in Figure 4) until they can be cleaned with the goal of
integrating the skeletons in to the reference collection. The first step in preparing a
skeleton for use in a reference collection is to remove as much skin, muscle, and (if
necessary) feathers/fur/scales from the carcass as possible—this accelerates the
maceration process (explained later) and is usually referred to as defleshing. As a part of
this study, a frozen eider duck carcass was thawed (Figure 2) and then defleshed in
preparation for maceration, a process of soaking that takes multiple months.
Using a sharp knife with a slightly curved blade, the skin of the duck was
removed along with as many feathers as possible, however some feathers were left on the
tail and the skin of the feet was not removed as these areas are difficult to clean and better
left to the process of maceration. When removing skin and muscle, special care needs to
be taken not to cut or break any of the bones. The muscle was then removed from the
duck and the trachea cut at the point where it intersected the body; the trachea rings are
saved and included in the reference collection with the bones because sometimes rings
are found in archaeological assemblages, and therefore it is productive to include them in
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the reference collection. The organs were removed from the chest and abdominal cavities
and the carcass was rinsed (Figure 3 shows the semi-clean skeleton) and placed in a mesh
sample bag along with a metal identification tag displaying its specimen number. The
mesh bag was placed in a tub and filled with water, then placed in the maceration room
(Figure 5) to soak. During the maceration process, soft tissue and any other materials left
on the bones after defleshing are removed by natural bacterial action.

Figure 2: Thawed Eider duck carcass before being defleshed; specimen number and
species names are shown in upper left.

Figure 3: Defleshed and rinsed Eider duck skeleton, ready to be placed in a mesh bag for
water maceration.
2.3 – Water Maceration
An article by Simon Davis and Sebastian Payne titled "101 ways to deal with a
dead hedgehog: notes on the preparation of disarticulated skeletons for zooarchaeological use," (1992) describes two methods of preparing skeletons. Large animals,
after being skinned, gutted, and defleshed, can be buried for two months to two years in
nylon mesh bags surrounded by leaf mould. Smaller animal skeletons can be simmered in
water for about 15 minutes and then soaked in warm water mixed with a proteolytic
enzyme for one to several days. These methods cause the bones to disarticulate, and they
can then be thoroughly washed, dried, and degreased with acetone or a methanol7

trichloroethane mixture (Davis and Payne, 1992). A study by Helene Tomkins, Daniel
Rosendahl and Sean Ulm on a reference collection of tropical fish bones found the
boiling and soaking method to be most cost efficient method for disarticulation (Tomkins
et al., 2013).

Figure 4: The walk-in freezer, where carcasses are stored until they are cleaned and
integrated in to the reference collection.
At the Agricultural University of Iceland, a mix of both burial and water
maceration has been used in the past (Pálsdóttir, personal communication, 2016;
Pálsdóttir and Skúladóttir 2016). Currently, only water maceration is used (this technique
was applied to the eider duck carcass) and occasionally supplemented with acetone baths
to degrease bones when necessary (Pálsdóttir, personal communication, 2016). In the
process of water maceration at the Agricultural University, skeletons are placed in mesh
sample bags with aluminum tags showing their specimen number and allowed to soak in
tubs of water as described previously; these tubs can be seen in Figure 5. This method,
sometimes referred to as “contained water maceration,” is safe even for the most delicate
bones; however, it takes anywhere from two to four months (Post, 2004). After soaking
and being degreased, the bones are cleaned with various picks and brushes (see Figure 6;
wooden skewers, while being gentle enough not to scratch the bone surface, were found
to be most effective in removing residue missed in the previous stages of cleaning) and
then rinsed and left to dry before being labeled.
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Figure 5: The water maceration room, where carcasses are soaked in mesh bags in tubs of
water as part of the process of removing flesh and tissue from the bones through natural
bacterial action.

Figure 6: Tools used to clean bones after water maceration and degreasing. Tweezers
were used mainly in separating out small bird bones from feathers and other matter left
over after the maceration process, while brushes and wooden skewers were effective in
cleaning larger bones.
2.4 – Cleaning
Figure 7 shows a tray with a mesh sample bag of Border Collie (Canis lupus
familiaris) bones before being cleaned, (after having been macerated and degreased) and
Figure 8 shows a forelimb of a Collie laid out in preparation for brushing and rinsing.
The white residue visible in the photos is a type of dried fatty solid (not able to be
removed during maceration) that was removed using the tools shown in Figure 6. Figures
9 through 11 show bones of a Redwing, (Turdus iliacus) bones of a Collie, (skull, ribs,
etc.) bones of the hindlimb of a Collie, and bones of a sheep, respectively, after having
been brushed and rinsed as they sit drying on trays lined with newspaper. The metal tags
visible on the trays indicate the specimen number of each individual as it will be entered
in to the reference collection, and are kept with the bones through all stages of cleaning.
9

Figures 7 (left) and 8 (right): Bones of the Border Collie skeleton as they appear after
water maceration, before being brushed and rinsed. Bones are always kept with the metal
tags that display their specimen number, and in general the rule of “one bag, one tray” is
used throughout the cleaning process.

Figures 9 (left) and 10 (right): Bones of a Redwing and the skull, jaws, ribs and vertebrae
of the Collie drying after having been brushed and rinsed.
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Figures 11 (left) and 12 (right): A hindlimb of the Collie and a forelimb of a sheep drying
after having been brushed and rinsed. In Figure 11, light patches are visible where fatty
residue previously adhered to the bones.
2.5 – Storage
After the bones are dried and labeled with their specimen numbers as described
earlier, they are stored in plastic boxes labeled with the specimen number, the Icelandic
name, the English name, and the Latin name and in some cases with information about
size, sex and age. It is imperative that bones are fully dried before being stored, as
moisture can encourage mold growth and shorten the lifetime of the specimens in the
collection. Figure 13 shows stacks of these plastic boxes containing fish and small
mammals housed in the collection room at the Agricultural University. Figure 14 shows a
view inside a plastic box containing the prepared Redwing skeleton also shown in Figure
9. Figure 15 shows a plastic tote used for quick reference to common bird species for use
in the field; each segment contains bones of bird species (divided by skeletal element)
found commonly in assemblages throughout Iceland. Figure 16 shows the Border Collie
skeleton in a plastic box, ready for storage in the collection. Figure 17 shows shelves in
the reference collection which house commonly referenced large bones; these are kept
out of the boxes (in which the rest of the accompanying skeletons are stored) for easy
access because they are especially prone to appear in assemblages. Figure 18 shows a
characteristic sample of archaeologically recovered bones that the reference collection
can be used to identify. Figure 19 is a view of the whole reference collection; it takes up a
room at the Agricultural University.
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Figure 13: Some of the many shelves housing boxed and labeled specimens in the
reference collection. The boxes on the top shelf contain fish skeletons, and the boxes
below are mostly mammal.

Figure 14: A view inside a plastic box containing the Redwing shown in Figure 7. The
smallest bones of the skeleton (for example, the vertebrae) are kept in a plastic bag
labeled with the specimen number because they are too small to be labeled individually.

Figure 15: Plastic tote containing bones of bird species most commonly found in
archaeological assemblages in Iceland. This portable tote allows quick access to bird
reference bones while in the field. The label lists the species and their specimen numbers.

12

Figure 16: The complete Border Collie skeleton packed away in its plastic box. The
mandibles are kept in plastic bags in case the teeth fall out, and some of the smaller foot
bones are also kept in plastic bags labeled with the specimen number and the limb (fore
or hind, left or right).

Figure 17: This shelf in the reference collection houses commonly referenced large
mammal bones; the large right limb bones of the Border Collie skeleton are stored here
for easy access instead of in the box with the rest of the skeleton.
13

Figure 18: Some samples from an archaeological assemblage from the site of Miðbær in
Flatey, Breiðafjörður, West Iceland that Albína is currently working on. The reference
collection aids in the identification of bones like these, which are recovered from
archaeological sites and may often be fragmented, weathered, and taphonomically
modified.

Figure 19: View of the room at the Agricultural University that houses the complete
reference collection.
2.6 – Cataloguing
The zooarchaeological analysis projects currently underway at the Agricultural
University of Iceland led by Albína use the NABONE (North Atlantic Biocultural
Organization Zooarchaeological Database) system for basic recording of archeological
animal bones. The main goal of the NABONE system is to improve the comparability
and curation of zooarchaeological data across the North Atlantic region. The system
allows for relatively fast recording of analyzed material and is easy to use for students
14

and beginners in analysis (NABO Zooarchaeology Working Group, 2008). The basic
structure of the database is adapted from the system used and created by James Rackham
in Microsoft Access, (a relational database) and has been modified by the Hunter
Bioarchaeology Lab of Hunter College, New York, to be suited for research occurring in
the North Atlantic Region (NABO Zooarchaeology Working Group, 2008). It includes a
coding manual, a Microsoft Access database with queries and reports, and an Excel
spreadsheet (NABO Zooarchaeology Working Group, 2008). Data is entered in to the
system in the form of species codes for common taxa appearing in the North Atlantic,
“bone codes” denoting skeletal elements, taphonomic description codes, and additional
measurements of age estimates and bone lengths/widths (NABO Zooarchaeology
Working Group, 2008). The system supports both a long-term data archive and a set of
analytical tools available for immediate use in current research, and balances recorded
detail with the need for rapid and consistent processing of the large bone collections
being accumulated across the North Atlantic region (NABO Zooarchaeology Working
Group, 2008).
3.0 – The Importance of Comparative Osteological Collections
Perhaps one of the largest changes in zooarchaeology since its inception has been
the shift from considering how the environment has shaped human societies to
considering how humans have shaped and altered the environment (Steele, 2015). As a
consequence of this shift, zooarchaeology is becoming increasingly important to the
fields of climate research and conservation biology (Steele, 2015). Some of the most
important sources of data used in the wide range of investigations that zooarchaeological
science entails are natural history collections of skeletons of known taxonomy (also
called comparative collections or comparative osteological collections) that are essential
guides to identification of faunal remains/archaeological bone assemblages (Lyman,
2010; Dincauze, 2000).
The importance of comparative collections for taxonomic identification of bones,
teeth, and shells is unanimously understood by zooarchaeologists (Lyman, 2010). In fact,
the fundamental basis of archaeological animal bone identification is comparison with
species housed in reference collections (Baker and Worley, 2014). These collections
serve as a reference for taxonomic identification of paleozoological specimens and help
with the identification of taphonomically modified or abnormal specimens, (i.e., those
that have undergone perimortem or postmortem modification) as well as provide metric
data used to monitor clinical variation through time and across different regions (Lyman,
2010; Dincauze, 2000). It is helpful to have samples in the collection be not only whole
but fragmented, burned, leached, etc. to provide varied opportunities for comparison with
found specimens (Lyman, 2010; Dincauze, 2000). Additionally, it is important for
comparative collections to have samples with a range of taphonomic signatures; this
allows easy comparison and standardization of identification when trying to identify
archaeological specimens (Beisaw, 2013).
One of the biggest challenges faced by zooarchaeologists is identifying which
animal species a bone came from, and therefore reference collections are an invaluable
resource to zooarchaeologists analyzing archaeologically recovered specimens (Steele,
2015). Proper identification of preserved biological materials is crucial to any
zooarchaeological study and can have a tremendous impact on zooarchaeological
findings and the archaeological record (Driver, 2011). Therefore, procedures used in
15

identification of remains deserve detailed consideration as a critical step in research, one
that can significantly affect the results of faunal studies (Driver, 2011). Furthermore, the
structure of bone is continuously changed throughout life (in response to environmental
changes, changes in diet, health and structural demands on the animal) and thus a bone’s
final form expresses genetic, metabolic, and mechanical influences which are also
important to consider in the context of identification and use as proxy data (Dincauze,
2000). Depositional history also has an important role to play; animal remains in
archaeological contexts can be intentional burials, food waste, processing waste,
abandoned storage, simple discard, or post-consumption waste, and these differing
histories often leave traces that obscure diagnostic characteristics of bones (Dincauze,
2000). Similarly, the taphonomic “history” of a bone sample can have implications for its
reliability as a source of many types of data: this merits consideration of questions such
as “has the sample been moved from its original depositional environment?” etc.
(Dincauze, 2000). A complete osteological reference collection is extremely helpful in
unraveling this complicated set of influences that acts on a bone throughout its “lifetime”
(Steele, 2015).
Comparative osteological collections have three main aims: providing criteria for
taxonomic determination, (tables for age, gender, and determination of season of death)
methodological research, and teaching/training of students (Vigne, Lefevre, and Pelle,
1991). There are multiple types of comparative collections; these include main
collections, which are as large and complete as possible, routine collections for
identification of bones in contemporary research projects, and field collections which are
tailored to specific geographical areas (Vigne, Lefevre, and Pelle, 1991). Collections are
most usefully organized in boxes, with each bone bearing the catalogue/specimen number
of the skeleton to which it belongs; this specimen number should correspond to an
inventory sheet of all the bones belonging to that individual (Vigne, Lefevre, and Pelle,
1991). It can also be helpful to separate the boxes based on anatomical section, i.e.
forelimbs, hindlimbs, abdomen, etc., and include multiple species in each box for quick
and easy comparisons of taxonomy (Vigne, Lefevre, and Pelle, 1991).
A complete reference collection for any study or excavation should contain
skeletons of species endemic to the area of the archaeological site for which the
collection is being used, as well as species that aren’t part of the modern fauna; it should
also have specimens reflecting size, sex, age, geographical, seasonal, and individual
variations (Reitz and Wing, 2008; Baker and Worley, 2014). Intra-specific variation can
be considerable, and can result from sexual dimorphism, differences in ontogenetic age,
genotypic variation, phenotypic plasticity, or from geographic or clinical variation
(Lyman, 2010). Therefore, having multiple specimens of each species is usually
necessary to distinguish intra-specific variation from inter-specific variation (Lyman,
2010). As discussed previously, it is important to be aware of all laws and regulations of
nature conservation and natural resource management, as well as all ethical standards,
when collecting specimens for a reference collection (Tomkins, Rosendahl, and Ulm,
2013).
3.1 – Proper Care and Maintenance of Reference Collections
Proper care and management of reference collections (both during and after
analysis) is an extremely important aspect of proper zooarchaeological practice, and
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attention must always be paid to the requirements of long-term curation (Reitz and Wing,
2008). In managing osteological reference collections, it is important to retain good
knowledge of the origin and biological parameters of each individual in the collection;
useful parameters usually include age, gender, and season of death, as well as some basic
skeletal measurements (Vigne, Lefevre, and Pelle, 1991). Climate conditions (especially
humidity) can have quite a detrimental effect on bones, so careful storage with the goal of
preventing mold growth is crucial (Tomkins et al., 2013). Additionally, records should be
made each time a skeleton is used in a study; this could include DNA/RNA sequencing,
protein electrophoresis, blood parameters, and a host of other measurements taken from
collection specimens (Vigne, Lefevre, and Pelle, 1991). However, the most important
aspect in the management of any collection is a constant awareness of the needs of all of
its users (Vigne, Lefevre, and Pelle, 1991). The proper management of reference
collections as not only contemporary resources but as resources that should grow in scope
and depth as they are continually used is crucial, as all zooarchaeological research is
ultimately based on studies of contemporary animals and their comparison to specimens
from the past (Reitz and Wing, 2008).
As expenses for maintaining these collections—which are crucial to the integrity
of any zooarchaeological analysis—increases, it will become quite important to not let
this rising cost overshadow the importance of the collections themselves (Lyman, 2010).
New data originating from observations of paleozoological specimens can only have
biological and anthropogenic significance when compared with these natural history
collections; therefore, if these collections are neglected it will become increasingly more
difficult to answer questions about past animal life (Lyman, 2010). Collections also have
inherent benefits as research tools to inform discussions of human relationships with the
environment (Tomkins, Rosendahl and Ulm, 2013).
3.2 – Reference Collection at the Agricultural University of Iceland
At the Agricultural University of Iceland, the reference collection contains mostly
Icelandic mammals, birds, and fish (Pálsdóttir and Skúladóttir, 2016). In total, there are
about 300 specimens, and nearly all have associated information on origin, species, age
and sex; zooarchaeological measurements and photos are also available for some
specimens (Pálsdóttir and Skúladóttir, 2016). (See Table 1 for an example of how
specimens are catalogued.) Species lacking in the mammal collection include more seals
of known species, age, and sex, a foal, a horned cattle skull and ram skull, and the
complete skeleton of an adult cow and bull (Pálsdóttir and Skúladóttir, 2016). The bird
reference collection includes 138 samples of a diverse range of species found throughout
Iceland, most of which are complete skeletons (Pálsdóttir and Skúladóttir, 2016).
However, more diversity in duck, seabird, wader and gull specimens is needed (Pálsdóttir
and Skúladóttir, 2016). 22 skeletons of Icelandic chickens (males and females of differing
ages) are included as well. Currently, the collection has only 40 fish skeletons, and more
species are needed as well as more size diversity within each species (Pálsdóttir and
Skúladóttir, 2016). A list of available samples can be found on the Agricultural
University of Iceland website, and facilities are available to researchers wishing to use
the collection for analysis (Pálsdóttir and Skúladóttir, 2016).
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Table 1: Portion of the reference collection catalogue from the Agricultural University of
Iceland; shown here are some of the mammalian specimens in the collection, with
specimen numbers, species names, sex, age, completeness of skeleton, pathology, date of
collection, and date of incorporation into the collection (Pálsdóttir and Skúladóttir, 2016).

4.0 – Background on Archaeological Practices and Concepts
In her book Identifying and Interpreting Animal Bones: a manual, April M.
Beisaw (2013) provides guidance on the fundamentally important steps taken by
archaeologists in their study of animal bone assemblages. There are two types of data that
can be gathered from analysis of archaeologically recovered bones: primary data and
secondary data; Table 2 gives further detail on the utility of different types of primary
data (Reitz and Wing, 2008). Primary data are observations that can be replicated by
subsequent investigators, such as element representation and taxonomic identification;
this type of data generally requires less interpretive “latitude” than secondary data (Reitz
and Wing, 2008). Secondary data, such as age classes, sex ratios, relative frequencies of
taxa, butchering patterns, dietary information, and procurement strategies (i.e., data
gathered from primary data by means of further inspection; metadata) includes
everything you can feasibly say about a specimen after it has been identified (Reitz and
Wing, 2008). This type of data generally requires more interpretation, and relies more
heavily on the context in which the specimen was discovered (Reitz and Wing, 2008).
While identifying bones to their skeletal elements and taxonomic group is an important
step in analysis, it is only the beginning of information that a bone can provide; much
more information can be obtained from the bone’s taphonomic signature, marks on the
bone, discoloration, and the analysis of the presence or absence of certain bones in the
assemblage (Beisaw, 2013).
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4.1 – Sampling and Recording Data from an Excavation
Methods used in sampling animal bones during an excavation can have huge
effects on the composition of the bone assemblage ultimately analyzed from that site.
Archaeological samples must be representative of the diversity existing at the contexts
explored, must be adequate in size, content, and scope for addressing the research
problems, must be congruent in scale, and must preserve the data about its original
associations (Dincauze, 2000). It is also important to include control samples while
collecting specimens and to support multiple-hypothesis testing, keeping in mind that
there is ample opportunity to benefit from unexpected finds (Dincauze, 2000). The
enclosing matrix and sedimentary environment of archaeological remains are another
great resource and can indicate depositional environments (Dincauze, 2000).
Depositional integrity can support the assumption that materials in a deposit represent a
biocoenosis: a sample of a living association and not just a “fabricated” archaeological
environment, one created by human occupation, for example (Dincauze, 2000).
Therefore, it is important to dig numerous test pits/cores when sampling to get a good
understanding of the stratigraphy at any dig site (Dincauze, 2000).
During faunal analysis, the skeletal element (i.e., the bone name) and the
taxonomic group should be recorded in an assemblage database; is it preferable to create
a very simple assemblage database rather than attempting to identify to a higher level of
precision; misrepresentation of samples can occur as the database becomes more specific
but less accurate (Beisaw, 2013). The result of the description phase of any
zooarchaeological analysis is an inventory of the assemblage listing taxa present in each
depositional unit within a site; interpretive efforts can then build on this once the sample
is evaluated for representativeness and reliability (Dincauze, 2000).
In preparing an assemblage for faunal analysis, the bones should be bagged and
organized by provenance (their specific location as they were found in the archaeological
makeup of the site) and kept on trays, also labeled by provenance, while cleaning
(Beisaw, 2013). It is important to organize the bones this way because bones deposited
together or in similar areas tend to have similar taphonomic histories (Beisaw, 2013). Dirt
should be removed (brushes and picks work well, but bones should not be scratched to
the point of damage) and a magnification loupe can be used as needed. Nonbone material
should be removed from the sample bags and separated, and bones should be inspected
for fresh breaks and mended accordingly (Beisaw, 2013). When cleaning bones from an
assemblage enough dirt should be removed so that correct identification is possible, with
the end goal of revealing structures that may aid in identification but not of sterilizing the
bones to the point of damaging them (Beisaw, 2013).
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Table 2: Typical types of primary data collected during analysis of an archaeological
bone assemblage and the interpretive utility of those types of data (Baker and Worley,
2014).

4.2 – Understanding Taphonomy
Taphonomy, the understanding and study of bone decay, is critical to the correct
interpretation of bone assemblages (O’Connor, 2000). The taphonomic history of a bone
assemblage can be quite complicated, and result from a varied scope of environmental
and anthropogenic factors. Differing preservation of bones and tissues may be affected by
the nature of superficial and bedrock geology at the site, and it is also important to
consider that individual site conditions may differ from regional geology and thus impact
bone assemblages in unpredictable ways (Baker and Worley, 2014). In this way, study of
taphonomic modifications (including the presence of articulated bones, certain animals,
and body parts) can lend information about site formation processes (Baker and Worley,
2014).
Before discussing the processes involved in the taphonomic change that bones
undergo in their transition from biosphere to lithosphere, it is important to understand the
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basic structure and composition of bone (O’Connor, 2000). Fresh bone has three
components; these include protein scaffolding, (collagen) a mineral that stiffens this
scaffold, (hydroxyapatite) and a ground substance of other organic compounds, mainly
mucoproteins and aminopolysaccarides (O’Connor, 2000). These components undergo
fundamental changes during the full taphonomic history of modification within a bone.
Archaeological assemblages carry information about a multitude of processes
acting on them since the death of the animals they are composed of, and this information
can be very helpful in the determination of past environments (O’Connor, 2000). An
understanding of the taphonomic history of an assemblage can provide a wealth of
information on the three post-mortem stages of assemblage formation: the biostratinomic
stage, (from death to incorporation in the deposit—mainly controlled by cultural
processes) the digenetic stage, (from incorporation to excavation, controlled by
hydrology and geochemistry of sediments) and the sullegic stage (excavation, sampling,
and recovery) (Baker and Worley, 2014). These three stages can be further divided into
processes, which include biotic and cultural, thanatic, perthotaxic, taphic, anataxic,
sullegic, and trephic; more detail on these processes is given in Table 3 (Beisaw, 2013).
These eight processes may be responsible for alternative distributions in elemental
frequency counts, changes in spatial relationships between elements, and modification of
bone morphology (Gilbert, 1990). The information provided in Table 3 proposes a useful
framework against which to categorize the data which can be gathered from any given
bone, and then to link that data to other sources of information about the bone’s history
given by analysis of sediment geochemistry, pre-deposition modification, human activity,
etc. (O’Connor, 2000). B. Miles Gilbert, in his book Mammalian Osteology, provides
another useful way to visualize the process involving taphonomic change; Figure 20 is
taken from his book and displays the full sequence of events that can affect bones from
their time in a living community (as part of the biosphere) through until they are
excavated (from the lithosphere) and used to reconstruct the history of the site (Gilbert,
1990).
Table 3: Summary of natural and cultural processes that bias bone assemblages (Beisaw,
2013 and O’Connor, 2000).
Biotic and Process which constrain an assemblage based on the animals available at a
Cultural
given time and place, as well as characteristics of the natural/cultural
environment which influence the number of animals at a site at any given
time (e.g., domestication, climate)
Thanatic
Processes pertaining to animals removed from the available living
population, i.e. processes (anthropogenic or otherwise) which bring about
the death and deposition of animals
Perthotaxic Processes that alter individual animal skeletons before burial, or before
they are incorporated in to a forming deposit (can include fluvial action,
sub-aerial weathering, scavengers, human activity, and topography)
Taphic
Processes that alter individual animal skeletons after burial: physical or
chemical processes (decay pathways of protein collagen and crystalline
hydroxyapatite in bone are affected by the acidity and moisture content of
soils as well as the presence/absence of certain biota)
Anataxic
Processes pertaining to alteration of bones by re-exposure after burial;
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Sullegic
Trephic

bones can be re-exposed to fluvial action, weathering, trampling, and other
attritional processes (may accelerate, redirect, or halt other taphonomic
changes)
Processes pertaining to sampling decisions by researchers, which can result
in further inadvertent or deliberate selective recovery of certain
bones/fragments
Processes involved in selective analysis and curation of recovered bones,
can be related to sorting, recording, and publication

Figure 20: Visualization of the cultural and natural factors that can influence a set of
bones or bone fragments over the course of the transition from a living community to a
fossil assemblage used in environmental/cultural reconstruction (Gilbert, 1990).
Most taphonomic signatures are visible with the naked eye, but sometimes use of
a loupe, stereomicroscope, or digital microscope can be helpful (Beisaw, 2013). It is also
important to observe and record evidence of bone weathering, which can induce changes
in bone appearance and structure based on varying heat, moisture, environmental
conditions, and the like (Beisaw, 2013). Weathering may manifest in the form of bone
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surface color changes and cracking or in some cases sun bleaching, which gives the bone
a whiteish color (Beisaw, 2013). Such characteristics usually indicate that the bone has
been exposed to near-surface or surface conditions for an extended period of time; the
bone may also be brittle, indicating is has been exposed to changes in moisture, or show
evidence of root etching in which acids leech from plant roots and etch the bone surface
(Beisaw, 2013). Analysis of weathering patterns in combination with an understanding of
taphonomic history can therefore contribute to the understanding of the environmental
conditions to which the bones were exposed from the time of burial to the time of
excavation.
Studies of taphonomy can also be expanded to account for cultural factors; this is
of interest to ethnoarchaeologists, who adopt a morphological approach in relating bone
appearance to geological, biological, and cultural processes responsible for the formation
of visible taphonomy (Gilbert, 1990). Answering questions related to the geological,
biological, and cultural history of a bone through analysis of morphology and spatial
distribution can provide valuable insight into how and why the archaeological record is
skewed, and may thus lead to more accurate cultural and environmental reconstructions
(Gilbert, 1990).
4.3 – Identifying Specimens
Correct identification of archaeologically recovered specimens depends on several
factors: the preservation of the faunal remains, the experience of the analyst, the
distinctions between the taxa, (i.e., are they based on behavior and therefore not visible in
skeletal morphology?) the variability of the taxa involved, the range of taxa that the
bones conceivably could have originated from, (and therefore the geographical area in
which the specimen was found) and the availability of suitable comparative material
(Steele, 2015; O’Connor, 2000). A thorough and detailed reference collection is therefore
imperative to the correct identification of skeletal remains (O’Connor, 2000).
Identification also requires comparative collections for the region in which the specimens
were found, as was previously mentioned (Dincauze, 2000). Additionally, standardizing
identification procedures across zooarchaeological studies (and explicitly stating the
procedures followed when research is published) is quite important as it can greatly
increase comparability and cooperation between faunal studies (Driver, 2011).
When it comes to the identification of bones, there are many considerations to be
made. Usually, the species level is the most specific level to which specimens can be
identified, however when morphologies (bone appearances; visual characteristics) are
shared by numerous species, specimens may only be able to be identified to the genus,
family, or even order level (Baker and Worley, 2014). Due to this potential for
uncertainty, the term ‘taxon’ is often used in place of ‘species’ (Baker and Worley,
2014). Due to the multitude of compounding factors complicating the identification
process, the end results of most identifications are more like taxonomic attributions or
suggestions rather than definite proclamations of species (O’Connor, 2000).
Identification of archaeological remains usually begins with sorting pieces and
fragments, starting with a sort based on immediately visible large taxonomic categories
(e.g. fur, fin, feather, or scale and/or bivalve vs. gastropod) although sorting may also be
by element (body part) then by size (Dincauze, 2000). If identification to the species level
is possible, sorting by size and element can provide useful information about numbers of
23

individual mammals found in any given site, and this information can support inferences
about biology and human behavior; inferences which are at the core of zooarchaeology
and paleoethnozoology (Dincauze, 2000). Other important steps in identification are a
decision about the anatomical region from which the bone originates, the identification of
characteristics which can indicate something about the size and adaptation of the animal,
and biometrical data/ratios (measurements of lengths and widths of key bone areas)
which can be useful as a more sensitive and objective way to quantify bone
characteristics and can allow comparison of changes in size through time and across
geographical regions (O’Connor, 2000). Other more specific observations, such as
quantification of microscopic pitting and scratching of occlusal surfaces of teeth, can
indicate plant composition of diet; there are a multitude of specialized types of
observation that can lend information about more specific aspects of the animal’s life
history (O’Connor, 2000). While many bones or bone fragments found at archaeological
sites will defy identification, the articular ends of long bones, some foot bones, and teeth
can be of extreme value and are crucial in determining the minimum number of
individuals of any given species (Gilbert, 1990).
4.4 – Sources of Bias
In recording faunal analysis data, it is important to keep in mind that all
archaeological assemblages are inherently biased, and that this also applies to the bones
that an analyst receives from the excavation of any given assemblage, especially when
the hand collection method is used (Beisaw, 2013; Baker and Worley, 2014). The size of
the assemblage, it’s chronological and/or spatial distribution, the skeletal elements
represented, and the degree of fragmentation can all serve as sources of bias when they
are perceived by an excavator; it therefore becomes essential that the bone assemblage
which is recovered is verified as being representative of the material present at the
original site (Baker and Worley, 2014).
Examples of sources of bias include: bone size (e.g. small bones are much less
likely to be noticed, and therefore recovered), bone fragility, and the possibility that
natural or cultural processes may have destroyed some bones before excavation began
(Beisaw, 2013). However, bone-density data can aid in assessing what has been lost by
documenting what is present in any given assemblage through the creation of an estimate
of the impact of bone density on the survivorship of bones in the assemblage (Beisaw,
2013). When recording data, it is therefore beneficial to aim for accuracy instead of
precision in identification and interpretation; i.e., to attempt to be the least wrong instead
of the most specific (Beisaw, 2013). It is also key to take all possible precautions during
the analysis process to reduce bias; this can be done by ensuring that the same analyst
performs all animal bone identifications and records all the data from those
identifications, especially because—due to the lack of standards in faunal analysis—it is
largely up to the analyst to decide what to record and how to record it (Beisaw, 2013).
The development of the NABONE system was in response to this issue (Pálsdóttir,
personal communication, 2016).
4.5 – Frequently Used Quantification Methods
There are, however, some standard quantification methods that can be applied
during faunal analysis; these include types of primary data such as number of identified
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specimens (NISP, the actual number of bone specimens, including bone fragments and
whole bones, identified to a certain taxonomic group) and minimum number of
individuals; (MNI, the minimum number of individual animals of any given taxonomic
group that would have been necessary to produce the specimens found in the assemblage)
these quantifications are standard inclusions in any faunal report (Beisaw, 2013). There is
also another quantification method, Minimum Number of Elements, (MNE) to quantify
the minimum number of individuals that could have conceivably contributed to an
element in the assemblage; if the element is fragmented this measurement becomes
helpful (Morin, Ready, Boileau, Beauval, and Coumont, 2016). However, MNE has been
shown, in a study by Morin et al., (2016) to be prone to inflate the representation of rare
parts in assemblages; the authors of the study have therefore proposed an alternative
counting method, Number of Distinct Elements (NDE) which focuses on the occurrence
of pre-determined, invariant landmarks counted on mutually exclusive specimens. This
count has been shown to be a robust predictor of skeletal and taxonomic abundances
(Morin et al., 2016).
Also useful are body part profiles: “x-ray” sketches which help visualize skeletal
elements that were present (shaded in on the sketch) or absent (left unshaded) from each
taxa identified (Beisaw, 2013). Finally, another important inclusion in any faunal report
is a discussion/analysis of the different contexts in which elements of the assemblage
were found; contexts may include middens, pit features, burials, and the like (Beisaw,
2013). Contextual analysis of the assemblage can often reveal patterns that may not be
visible when the assemblage is analyzed as a whole (Beisaw, 2013). In addition to
including faunal analysis results and a discussion of context, faunal reports should outline
the methods used to catalogue the assemblage, to record data, the methods used in
analysis, and a basic interpretation of the results of bone identification and bone
weathering (Beisaw, 2013).
5.0 – Reconstruction of Past Climates: Evidence of Past Environmental Conditions
Changes visible in the archaeological record are predominantly caused by two
stressors: environmental change and human behavior, and in fact these two causes of
change are frequently linked (Reitz and Wing, 2008). An accumulation of evidence for
environmental change from large samples and across multiple sources (ideally
encompassing the whole spectrum of archaeological evidence) can strengthen
characterization of past environments, their sequences and timing of change, and give
strong evidence as to the origins of change: for example, as a cause and/or consequence
of human agency (Reitz and Wing, 2008). In the broad spectrum of archeological data
available from an excavation, faunal materials can be used to solve problems of
settlement and subsistence patterning, historical resource management, human
relationships with animal populations, and the like (Gilbert, 1990).
Climate change can encourage change in community composition independent of
human action towards or predation on species but in many cases humans are also directly
responsible for climatic changes, and the stresses that result from human action many
times require adaption from both humans and animals (Reitz and Wing, 2008). In the
case that the stress becomes too great on a human or animal population, the most
common form of coping is through adjustment of range and location, as was discussed
earlier (Reitz and Wing, 2008). Oftentimes environmental changes introduced by humans
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initiate subsequent changes in animal populations. These changes can influence prey
species, and therefore the humans that originally set the changes in motion in a sort of
feedback loop; in this way, humans become a strong force in the environments they
inhabit, adapting to environmental change and manipulating animal populations with
which they share fluctuating climatic conditions (Reitz and Wing, 2008).
In island ecosystems (such as Iceland) the combination of introduced animals,
agriculture, deforestation, hunting, and the shift from foraging to farming and animal
husbandry has produced major changes in vulnerable island faunas. This, and evidence
for faunal changes due to human activity (which are not restricted just to domestic
animals) are reflected in the archaeological record (Reitz and Wing, 2008). Measureable
changes in faunal characteristics include decrease in size resulting from intense
exploitation, changes in demographic profiles (i.e. more young individuals as a
consequence of exploitation) and changes in ranges and distributions of non-domestic
species as a result of human populations (Reitz and Wing, 2008). Floral composition can
be changed (thus impacting faunal populations) due to “domestication of the
environment,” i.e. enhancing the habitat of preferred species, and by the effect of
disturbed and enriched soils surrounding human settlements (Reitz and Wing, 2008).
5.1 – Using Faunal Data in the Study of Past Climates
There are many ways in which faunal data can be used to understand historical
environmental change. Faunal assemblage compositions can indicate periods of differing
occupations that can point to environmental change, and biochemical studies can also
provide information on paleoenvironments by illuminating habitat compositions based on
carbon isotope signatures found in bone (Reitz and Wing, 2008; Baker and Worley,
2014). However, it is important to eliminate other possible sources of what could be
perceived in the archaeological record as environmental change (such as human resource
preferences, changes in technology or spatial/temporal aspects of subsistence, and
differences in archaeological recovery and analysis) before faunal assemblage
composition is ruled as evidence for change in the environment (Reitz and Wing, 2008).
The scale of past events that become discernible in the archaeological record is
much finer (down to the order of centuries) than the scale of geologic time; this allows
smaller environmental fluctuations to be mapped and encourages consideration of
changes happening within the scale of, say, a single human lifetime (Reitz and Wing,
2008). However, one of the greatest challenges in reconstructing past environmental
patterns of change is distinguishing seasonal periodicity from actual environmental
change (Reitz and Wing, 2008). This challenge can be overcome by incorporating
biogeographic, geochemical, and growth habit data from environmentally sensitive
animals to support records obtained from faunal analyses (Reitz and Wing, 2008).
However, successful paleoenvironmental modeling requires that the timespans of the
contexts in which different archaeological data were collected are known, and that
taphonomic criteria are evaluated to determine assemblage integrity (Dincauze, 2000).
Correct identification of archaeological faunal remains can lend a tremendous
amount of information about climate at the time of site occupation. (However, it is
important to keep in mind that faunal assemblages are samples of archaeological contexts
and not of natural communities; therefore processes that define the samples must be
identified and evaluated for their relevance to the understanding of past human
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lives/environments (Dincauze, 2000).) Additionally, each case through which bones
could have reached an archaeological site has different implications for the spatial
relevance of the environmental clues that those bones may provide; thus, high quality
stratigraphic and contextual resolution during excavation can lead to improved
discrimination between possibilities (Dincauze, 2000).
Fundamentally important to the reconstruction of past environmental change is
the presence of indicator species based on present-day biogeography, and it is helpful to
remember that changes in the distributions of plant species are often mirrored by changes
in the distributions of animals (Reitz and Wing, 2008). However, it is important to keep
in mind that past environmental reconstruction is based upon the assumption that the
ecological requirements of modern taxa haven’t changed during the Holocene, and this
very well may not be the case (Reitz and Wing, 2008). Small animal bones in particular
(usually accumulated when trapped in waste heaps while animals are scavenging, or
deposited in owl pellets or other forms of mammalian waste) can lend crucial information
about climate: smaller animals tend to have lower tolerance for temperature and moisture
condition changes (Dincauze, 2000, O’Connor, 2000). Consequentially, small animals
(especially rodents and insectivores) are restricted to very specific tolerance ranges; thus,
the presence of their remains in sediment can be quite indicative of the conditions that
define those ranges (Dincauze, 2000).
If it can be proven that a small animal specimen lived and died locally, the
potential for remains of fish, small mammals and herpetofauna (amphibians and reptiles)
to act as powerful paleoenvironmental proxies is great (Baker and Worley, 2014).
Especially in arid regions of the world where stratified deposits with pollen and/or plant
fossils are less likely to be preserved, small mammals are becoming increasingly
important as indicators of past habitat and climate (O’Connor, 2000). For example, many
rodents are highly adapted to particular habitats and are therefore quite sensitive to
climate change as it is manifested through vegetation change (O’Connor, 2000).
Additionally, small animal remains can serve as indicators of temperature; individuals
from the same species are generally found to be larger in colder climates to aid in
conservation of heat through the Bergmann effect (Baker and Worley, 2014).
Furthermore, size fluctuations have also been linked to habitat change: in Britain, Red
deer have decreased in size through the Holocene due to deforestation (Baker and
Worley, 2014). In a similar way, many ectothermic (cold-blooded) species like reptiles
and amphibians are sensitive to temperature change (O’Connor, 2000). Bird remains,
however, are difficult to use as a proxy for any type of data stretching farther back in
quaternary time because of frequent changes to migratory distances, routes, and timing
caused by fluctuating insolation and climate (Dincauze, 2000).
The potential for environmental reconstructions using small animal remains
becomes more complicated, however, when assemblages are derived from predators
(Baker and Worley, 2014). Understanding accumulation processes (such as predation) for
microfauna is a crucial step in recreating the environment in which the deposit was
formed—did the animals die of natural causes, were they onsite during human
occupation, or did they derive from human or animal predation? (Baker and Worley,
2014). If predation is responsible for accumulation of remains, knowing the predator’s
habits can help gauge the likely ‘provenance radius’ (the radius within which microfauna
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were predated) and the prey selection biases that may contribute to a deliberate collection
of bones in the assemblage (Baker and Worley, 2014).
5.2 – Examples: Using Faunal Data to Reconstruct Past Climates
There are many prominent examples illustrating the use of small animal bones to
reconstruct past climates, (more of which will be discussed in the following section) and
the literature is dominated by use of small mammals from cave deposits as indicators of
past vegetation and climate (O’Connor, 2000). In a study by Bishop (1982) small
vertebrate remains found in a den of a Pleistocene age (now extinct) bear species
uncovered in a limestone quarry in Westbury-sub-Mendip, Somerset, were used to
interpret the deposit as correlating to a warm period within the many mid-Pleistocene
climate fluctuations (O’Connor, 2000). In another such study, deposits in the l’Hortus
cave site in Langued’oc region of Southern France showed a shift in types of rodent
species throughout different stratigraphic layers; some of these species were known to
prefer grassland habitats—this was interpreted as reflecting periods of cooler climate in
the area—and some species were known to have preferred forested areas, taken to reflect
warmer periods in the later Pleistocene (O’Connor, 2000).
Another important source of information about past environmental conditions
comes from quantification data such as size measurements; for example, the analysis of
medieval Icelandic Atlantic cod dentaries and premaxillas has shown that average
specimen size used to be larger than 40 cm as averaged across four historical excavation
sites (Reitz and Wing, 2008). Measurements of modern cod from trawl data show
average sizes as much smaller; this indicates some adaption to either environmental
change, change introduced through human activities, or a combination of the two (Reitz
and Wing, 2008).
In a similar way, invertebrates give precise information about paleoclimates
through their extensive preservation in wet sediments, and biological carbonates (e.g.,
shells, tests, reefs, or internal structures) provide climatological data through analysis of
oxygen-isotope ratios, trace-mineral rations, amino acid racemization rates, and growth
rings (Dincauze, 2000). Analyses of stable isotopes and trace elements in bone and teeth
samples can give insight into the diets of humans, herbivores and carnivores: stable
carbon isotopes indicate composition of vegetation eaten and temperature and
precipitation regimes of that vegetation (through C3, C4, and CAM signatures) and help
indicate animal ranges, while comparisons with nitrogen isotope composition can help
define ratios of meat to plant foods (Dincauze, 2000).
In these cases, and usually in all studies involving the use of faunal remains as a
proxy for past climate, it is useful to correlate data from faunal analysis to other forms of
biogeographic record-keeping such as oxygen isotope data, various types of incremental
growth structures like shell and tree growth rings, long term trends in body size, age-class
frequencies, reproduction, and geological data available through sediment records; the
data gathered from faunal analysis and interpretation thus serves to reinforce and validate
these other types of climatic record data (O’Connor, 2000, Reitz and Wing, 2008).
6.0 – Archaeology and Zooarchaeology in the North Atlantic
The islands of the North Atlantic (The Faeroes, Iceland, and Greenland) have a
clearly defined settlement (landnám) phase, and distinct patterns of environmental
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impacts, social evolution, and relative success or failure of settlements based largely on
how humans chose to interact with their environments across the region (Edwards,
Buckland, Dugmore, McGovern, Simpson, and Sveinbjarnardottir, 2004).
In his book, Collapse: How Societies Choose to Fail or Succeed, Jared Diamond
presents a discussion on the unique archaeological record available in the North Atlantic,
particularly in Iceland and Greenland, and lays forth some interpretations about the
progression of settlement, occupation, and abandonment of various sites across the region
during the Viking Age. He argues that the history of the Arctic and North Atlantic is one
of people arriving, occupying large areas for long periods of time, then declining,
disappearing, or having to fundamentally change lifestyle patterns because of climatic
changes, which had drastic effects on prey species distributions. The differing outcomes
of each of the six North Atlantic Viking colonies, Diamond argues, are related to the
environmental differences between each of those six sites. These differences include
oceanic distance from the main hubs of Britain and Norway, resistance from non-Viking
inhabitants, potential for and execution of sustainable agriculture (which involves local
climatic conditions) and environmental fragility with respect to soil erosion and
deforestation (Diamond, 2005). While Diamond presents a thorough analysis, new
research has since emerged that illuminates a different story in the region and has led to
more nuanced archaeological interpretations; these will be discussed in the following
section.
6.1 – Case Study: Norse Greenland
An important example of human-induced environmental change is illustrated by
the demise of the Norse settlements in Greenland (Diamond, 2005). Soil erosion was
exacerbated by practices such as turf cutting, burning woodlands in order to create
pasture, and cutting lumber for building and firewood; radio carbon dated lake and bog
sediments show that the effects of these human activities on natural vegetation and
habitat were drastic (Diamond, 2005). Diamond argues in his book Collapse: How
Societies Choose to Fail or Succeed that in time, settlers in Greenland drove themselves
in to a lumber shortage, an iron shortage, (charcoal was required to properly smelt bog
iron, and with a shortage of wood comes a shortage of charcoal) and a shortage of useful
and/or unexploited land (Diamond, 2005). Extreme hunger, Diamond explains, was
indicated by the presence of small wild bird and rabbit foot bones (which would have
only been consumed as “last-ditch” famine food) and bones of a newborn calf and lamb,
ordinarily kept alive for replenishing the herd (Diamond, 2005). Additionally, toe bones
of cows which had been eaten down to the hoofs, partial skeletons of hunting dogs with
knife markings on the bones (indicating intentional butchery) and the presence in
middens of only cold-tolerant fly species was taken to indicate that the time in which the
settlement was abandoned was one of famine and extreme cold (Diamond, 2005). It is
important to consider, however, that bones of young animals that died shortly after birth
are not uncommon finds; to extrapolate a famine these bones would need to be found in
unusually high numbers and in a context indicating quick accumulation (Pálsdóttir,
personal communication, 2016). Recent research by NABO scientists in Greenland has
suggested a revision to Diamond’s explanation for the demise of Norse settlements.
A new story of the end of Norse Greenland has now been accepted by the
archaeological community, one not of an agricultural society that mismanaged its
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environment and died of famine, but one of a hunting society that faced cooler
temperatures and stormier seas and ultimately could not cope (Kintisch, 2016).
Researchers still maintain that the Western settlement had been abandoned by 1400
(evidenced by radiocarbon dates) and the Eastern settlement by 1450; however, the
reasons for this abandonment are now thought to be related not to poor land management,
but to the cooling that took place around 1250 in the Little Ice Age (Kintisch, 2016).
New archaeological evidence, mainly finds of ivory and marine mammal bones,
(seal and whale) has helped solidify the argument that Norse Greenlanders ate a marine
diet and therefore were not entirely reliant on animal husbandry (Kintisch, 2016). These
finds provide clear evidence of adaptation to the worsening climatic conditions which had
a detrimental impact on farming, as Diamond has described, throughout the Norse
occupation; however rather than attempting to persevere in farming as the climate cooled
there is now ample evidence to show that the Norse adopted other subsistence strategies
(Kintisch, 2016). In 2012, stable isotope analysis of carbon/nitrogen ratios from human
bones in Norse graveyards indicated a distinctly marine signature, with marine protein
increasing and terrestrial protein decreasing throughout the period from the 11th to the
15th century; see Figure 21 (Kintisch, 2016). This indicates that, far from a desperate
attempt to continue farming, the Norse adopted a successful subsistence system using the
marine resources available to them.
Another important aspect of this diversified subsistence society was trade in
ivory. It has even been suggested that Greenland was settled by the Norse not to find new
farmland, but because the hunt for ivory stocks drove them west from Iceland (Kintisch,
2016). However, the cooling climate after 1250 posed multiple threats to this marineoriented society reliant on seal meat and walrus ivory; as the cold spell continued (with
global average temperatures falling by about a degree, see Figure 21) ice presumably
clogged trade routes farther south and for longer periods, and this had fatal consequences
for the ivory trade industry with Europe (Kintisch, 2016). Additionally, the flood of
Russian walrus ivory and ivory from African elephants into European markets around
1400 helped to disrupt the trading economy of the Norse Greenlanders (Kintisch, 2016).
Furthermore, salt particle concentrations from glacial ice cores indicate that the North
Atlantic became stormier in the 1400s, which certainly made seal and walrus hunting
more dangerous as the Norse tended to go on open water voyages rather than sticking to
the fjords like their Inuit neighbors (Kintisch, 2016).
Soil and sediment analyses have shown that adaption was also applied to farming,
however. Evidence shows that fertilizing and watering increased as temperatures fell, and
livestock was consolidated to regional centers with relocation of smaller farms closer to
larger, more central ones (Kintisch, 2016). In the end, though, the best efforts of the
Norse still fell short and the settlements were abandoned, but perhaps not in the desperate
and famine-driven fashion that Diamond originally suggested. Much can be learned from
the period of Norse settlement of Greenland and there is still much to be excavated;
however rising temperatures are causing thawing of frozen ground that previously kept
valuable artifacts such as bone, hair, feathers and cloth quite well preserved (Kintisch,
2016). In this way, the very climatic changes that make the lessons to be learned from the
fate of Norse Greenland so urgent and relevant are threatening to take the knowledge
away forever (Kintisch, 2016).
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Figure 21: (Top) Temperature profile (from oxygen isotope data from Greenland Ice
Sheet cores) throughout the Norse occupation of Greenland. Around 1450, global average
temperatures dropped by more than a degree, which had significant effects on the
subsistence economy of the Greenland Norse settlements (Kintisch, 2016).
(Bottom) Graph showing proportion of marine foods in the diets of Norse settlers
throughout their occupation of Greenland. As the settlement period progressed and
temperatures dropped, isotope ratios show an increase in consumption of marine protein
(Kintisch, 2016).
Many interdisciplinary studies have been done to illuminate the fates of
settlements across the region; an important example of another case in Greenland of
settlement decline is presented in the investigation of the impact of changes on North
Atlantic sea ice cover for seal hunting during the Norse occupation, ca. 985-1500
(Ogilvie, Woollett, Smiarowski, Arneborg, Troelstra, Kuijpers, Pálsdóttir, and
McGovern, 2009). Written records of climate and sea ice variation, (including
descriptions of sea ice in the Denmark strait dating from AD 1250 and climate
descriptions from certain Icelandic annals and sagas) paleoclimatic data sets, (including
data from two high resolution marine sediment cores from Nansen fjord in Eastern
Greenland and cores from Igaliku fjord near the Eastern Settlement site) and
zooarchaeological data (mainly seal bone analyses) were used to suggest that the
differing biological requirements of the six seal species commonly found in the North
Atlantic/Arctic can provide a proxy for past climate in the region, especially with regards
to change in sea ice cover (Ogilvie et al., 2009). Today it is well known that Arctic sea
ice cover is rapidly diminishing, and there is no shortage of studies on the potential
impacts to Arctic peoples and animals both in the present and in the future; however,
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much can be learned from placing such developments in the context of the past (Ogilvie
et al., 2009).
The study found that increases in the taking of harp seals (rather than common
seals) in the Eastern Settlement of Norse Greenland during the late 1300s might indicate
an increase in summer sea ice in the region. (However it is important to recognize, as is
the case with all archaeofaunal analyses, that the bones used in analysis—in this case,
seal bones—have most certainly been altered by past human economics, technology, and
hunting strategies (Ogilvie et al., 2009).) In any case, the data currently available suggest
that access to common seals changed for Norse hunters in the late 1200s around the
Eastern Settlement, but not around the Western Settlement; this change correlates with a
transition to conditions favoring increased summer drift ice (Ogilvie et al., 2009).
Changes in seal bone concentrations throughout deposits at the Eastern Settlement site
indicated periods of cooling when data was compared against the climate records listed
above, and this may indicate that ground temperatures during these cooler times were
lower due to increased presence of sea ice in the fjords during summer; this could have
depressed pasture growth and contributed to the demise of the Eastern Settlement
(Ogilvie et al., 2009).
6.2 – Climatic Reconstruction in Iceland: Archaeology and Zooarchaeology
In Iceland, the crucial issue is not sea ice but catastrophic soil erosion and an
understanding of its history; archaeology has an important role to play in informing
modern policies of conservation (Diamond, 2005). Because of Iceland’s proximity to
major atmospheric and oceanic boundaries, an understanding of the responses of its
terrestrial biota to climate changes is essential to the estimation of past environments
(Caseldine, Dinnin, Hendon, and Langdon, 2004).
There is potential in Iceland for climatic reconstruction using many different
methods. Entomological analysis, for example, provides information on which species of
insects lived in certain areas in the past, and this can indicate where livestock were kept
as well as provide information on humidity and temperature conditions on quite a small
scale (National Museum of Iceland, 2016). Thermophilous beetles hold large potential for
collection of qualitative information about climate changes in Iceland during the
Holocene, based on a pattern of loss as determined from early Holocene sediment
samples (Caseldine et al., 2004). Another potential resource for past climate
reconstruction is the recently discovered abundance of chironomids (a species of fly) in
lake sediments around Iceland; these two species together indicate that there is great
potential for Holocene climate reconstruction using temperature sensitive invertebrates
(Caseldine et al., 2004).
Another example of one of the many types of evidence about past climatic
conditions is the analysis of proportions of various animal bones from archaeological
sites across Iceland. Research has revealed that in the early years of settlement the ratio
of cattle to sheep was larger, and that in the 10th and 11th centuries the number of sheep
kept and amount of fish being caught increased while the number of goats and pigs being
kept decreased (National Museum of Iceland, 2016; McGovern et al., 2007). This has
been interpreted as indicating a change in farming and animal husbandry/hunting habits
in response to changing environmental conditions; possibly an attempt to reduce
destruction of diminishing woodlands by the rooting activities of pigs (National Museum
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of Iceland, 2016; Lucas, 2009; McGovern et al., 2007).
Examples such as the one described above show that the archaeological record of
Iceland is rich with resources and has successfully yielded information on past climates
on an increasingly large number of occasions. Current research abounds, a prime example
of which is the Leverhulme project, launched in the mid 2000s, which plans to encourage
interdisciplinary and international research through a framework provided by historical
and landscape archaeology (Edwards, Buckland, Dugmore, McGovern, Simpson, and
Sveinbjarnardottir, 2004). The project emphasizes the cultural dimensions of occupation
and environmental change in Iceland and will give new insights in to the initiation and
survival of long-term settlement in the region, using the assessment of a period spanning
more than 1000 years (from 400 a.d. to 1500 a.d.) to evaluate the interrelationships
between human and natural forces on both natural and modified ecosystems (Edwards et
al., 2004).
Throughout the project, the degree of sustainability of settlements and their
success or failure in ecosystems of contrasting sensitivity to changing climate (mainly
soil and vegetation changes) will be investigated using interdisciplinary archaeological
methods; zooarchaeology will play an important role in providing a proxy for diet
composition through analysis of patterns of tooth wear on domestic animals and through
isotopic analysis of both human and animal bones, as well as in providing a proxy for soil
erosion (Edwards et al., 2004). For example, evidence from plant microfossils and insects
has already shown that archaeologically recovered hay (and even hay from the more
recent past) is significantly different than modern hay, and these differences are reflected
in patterns of tooth wear and can be reinforced through analysis of contemporary pollen
spectra (Edwards et al., 2004). Data such as this can be used to reconstruct land
management practices such as the past development of hay meadows, irrigation and
manuring systems, and management of woodlands (Edwards et al., 2004).
6.3 – Case Study: Hofstaðir
The excavation at Hofstaðir, an archaeological site near Lake Mývatn in Northern
Iceland, (which served as a late Viking Age farm, religious site, and center of local
authority from the 10th century through the late 11th or early 12th century) serves as an
illustrative example of the types of information that archaeology, and particularly
zooarchaeology, can provide about the interactions of past humans with their
environments (Fridriksson, Vesteinsson, and McGovern, 2004). The archaeofauna from
Hofstaðir provides a rare opportunity to study a large collection from a nearly total site
excavation with consistently high standards of bone recovery and preservation, and
provides important evidence for early human settlement and landscape change in the
region (Lucas, 2009). A large body of paleoenvironmental evidence is beginning to
accumulate from the site and the surrounding area, and has helped to place the site in the
context of a complex cultural and environmental landscape (Lucas, 2009).
Paleoenvironmental evidence from the site has indicated that cultural factors, in
addition to environmental determinism, may be equally or perhaps even more important
in understanding the farm in the context of a changing socio-economic environment
(Lucas, 2009). At the site, two isolated cattle skulls were uncovered from the turf of one
of the walls of the great hall, and nine more similar skulls were found around the rest of
the great hall’s perimeter (Fridriksson et al., 2004). These skulls were interpreted as
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having been somehow affixed to the outside of the hall, which indicates that the great hall
of what had been previously interpreted as a common farm site had more complicated
significance, possibly as a religious center or gathering place (Fridriksson et al., 2004;
Lucas, 2009).
Further evidence for the complicated nature of the site was indicated by unusual
butchery marks on cattle vertebrae found in one of the middens; no parallels to either the
decorative skulls nor the cut vertebrae are known from any other excavation site in
Iceland, and this has been taken as further evidence of the “temple-farm” nature of the
site (Fridriksson et al., 2004; Lucas, 2009). Discoveries such as these can serve to
illuminate the development of power structures in Viking Age Iceland, and at Hofstaðir
they have changed the interpretation of the site from a simple farm to a location involving
the interplay of farming, religion, and regional power dynamics (Fridriksson et al., 2004).
However, the site did not escape the environmental hardships faced by other
farms throughout Iceland. Patterns of microwear in mammalian teeth (mainly sheep)
analyzed from Hofstaðir have shown that soil ingestion was fairly high; this pattern tends
to occur where stocking levels exceed the carrying capacity of the landscape and lead,
most frequently, to erosion and depletion of pastureland (Lucas, 2009). (However, it is
important to recognize that similar evidence for overgrazing also appears when animals
are kept in pens/stalls (Lucas, 2009).) Data on soil accumulation rates from soil pits
scattered along transects surrounding the site support the observation that human activity
has a recognizable role to play in historical patterns of land degradation; after deposition
of the landnám tephra, a clear picture of soil erosion emerges at the site (Lucas, 2009).
Thus, when interpreted in an archaeological context, soil data suggests that land
management was a key factor in contributing to the success or failure of farm sites in the
settlement period (Lucas, 2009). Luckily, the location of Hofstaðir contributed to the
success of the settlement by serving to dampen the initial impact of settlement with
regards to extreme soil erosion, and there is evidence that adaptive management in
grazing regimes and fuel resources was also adopted after initial settlement (Lucas,
2009).
Further faunal evidence from Hofstaðir and another site, Sveigakot, (also in the
Mývatn region) has indicated that during the 10th century use of wild fauna increased
(Tinsley, 2004). However, by the early 11th century fauna changed at both sites from
being wildly sourced to being sourced primarily from domesticated mammals, with a
significant drop in percentage of wild species harvested; nearly all recorded taxa in the
11th century represented domesticates (Tinsley, 2004). While this indicates the adoption
of less sustainable practices of animal husbandry, ultimately the evidence uncovered at
Hofstaðir illuminates an important example of a resilient farm-based community in which
each generation was sustained by and benefitted from the activities of those before; this
model of sustainability carries major implications for those inhabiting similarly sensitive
environments today (Lucas, 2009).
Changes in the zooarchaeological record provide evidence as to possible reasons
for changes in human behavior known to have occurred at the associated times; however,
challenges arise when trying to deduce whether these behavioral changes were a result of
economic or environmental changes, or perhaps a combination of both (Tinsley, 2004).
Despite these and numerous other challenges however, zooarchaeological data gathered
from excavation sites such as Hofstaðir (and the many other sites across Iceland not
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discussed here) can illuminate the complicated ways in which past humans interacted
with their environments, and through those environments, their animals and ultimately
each other. While there are many uncertainties, zooarchaeological data and interpretation
can be combined with other sources to quantify the environmental impact of the landnám
and subsequent periods on Icelandic (and North Atlantic) flora, fauna, landscape, and
power dynamics (Tinsley, 2004).
7.0 – Conclusions
“We need to build into the fabric of our daily lives an awareness of the global
consequences of our activities.”
-Dena F. Dincauze
Zoological and botanical data from archaeological sites are crucial forms of
evidence used in the study of human adjustment to environmental fluctuation and the
extent to which humans were the reason for past environmental change (Reitz and Wing,
2008). Through zooarchaeology, we are lead to a better and more integrated
understanding of the human condition as questions are asked not only about what
archaeological finds are, but what they mean in the context of human-animalenvironment interaction (Reitz and Wing, 2008).
It is important to apply these studies of past environments to our current
knowledge of human relationships to the climate system. Archaeology and
zooarchaeology have an important contribution to make to the fields of conservation
biology and resource management by lending considerable time-depth to contemporary
studies of how well (or poorly) animal species and environments can accommodate
human presence, and by allowing observation of the processes acting on animals (or
animal climates under human influence) over much larger and much more varied
timescales (O’Connor, 2000; Reitz and Wing, 2008). Zooarchaeological studies are not
only relevant to the understanding of these relationships in the past; they make an equally
useful contribution to the biogeographical study of present-day animal distributions and
the capacity of modern species, including humans, to adapt to contemporary
environmental change (O’Connor, 2000). Therefore, zooarchaeology has much to
contribute to our awareness of the global consequences of contemporary anthropogenic
activities—as mentioned by Dincauze in the above quote—not only as a way to
contextualize the present through studies of the past but as a way to learn from our
successes, and our failures, in coping with varied and numerous scenarios of
environmental change.
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